T A B L E 1 Baseline characteristics of eligible GBM patients in SEER database
disease stage, and histological type. GBM is the most malignant astrocytoma, with a median overall survival (OS) of approximately 12 months and a 5-year OS of 4.8%-5.4%, [1] [2] [3] while patients suffering from anaplastic astrocytoma have a median OS of 38 months and a 5-year OS of 25.9%-41.1%. 1, 4 A deeper understanding of the prognostic factors of GBM may provide new ideas for the prevention and management of this disease. Marital status is a potential marker of mental status, lifestyle, and social and family support, and has a significant impact on the prognosis of patients with cardiovascular disease, cancer, or mental disorders. [5] [6] [7] Using data from the US Surveillance, Epidemiology, and End Results (SEER) database, studies have determined that marital status is associated with overall and cancer-specific survival in renal cancer, head and neck cancer, bladder cancer, and lung cancer. [8] [9] [10] [11] However, whether modern marriage is beneficial for astrocytoma, especially GBM, is unknown. In this study, we aimed to investigate the relationship between marital status and the survival of patients with GBM, the most common and malignant astrocytoma, using the SEER database.
| MATERIALS AND METHODS

| Data source and selection criteria
All data were extracted from the SEER database with SEER*Stat software (version 8.3.5). The SEER database is an authoritative source of information on the incidence of cancer and the demographics, socioeconomic status, and survival of cancer patients in the United States; this database has been used for many high-quality studies in the field of cancer research. We obtained permission to access the SEER research data files, with a reference number of 10540-Nov 2017. The dataset used in this study was derived from the newest Incidence-SEER local population with at least a bachelors' degree, local median household income, and insurance status were extracted from the SEER database for each patient.
Patients were included if they met both of the following criteria: (a) the histological type ICD-O-3 = 9440 (Glioblastoma, NOS); and (b) their marital status was married, divorced, separated, single, or widowed. Patients were excluded if they met any of the following criteria: (a) they were under 18 years old at diagnosis; (b) their cause of death was unknown; or (c) their survival time in months was unknown.
| Variables and outcomes
The study variables included age, sex, race, year of diagnosis, vital status, cause of death, survival months, surgery status, metastasis status, tumor size, laterality, percentage of the local population with at least a bachelor's degree, local median household income, and insurance status. Marital status was classified into four groups: married, divorced or separated, single, and widowed. Patients were divided into four groups according to age: 49 years or younger, 50-59 years, 60-69 years, and ≥70 years. Patients diagnosed in different date ranges were also divided into three groups (2004-2007, 2008-2011, and 2012-2015) to adjust for the survival difference caused by advances in the diagnosis and treatment of GBM with the passage of time. The registry site was divided into four groups based on geographic regions as follows: Northeast: Connecticut and New Jersey; South: Kentucky, Louisiana, Metropolitan Atlanta, Rural Georgia, Greater Georgia (excluding AT and RG); North Central: Metropolitan Detroit, Iowa; West: Hawaii, New Mexico, Seattle (Puget Sound), Utah, San Francisco-Oakland SMSA, San Jose-Monterey, Los Angeles, Greater California (excluding SF, LA, and SJ), Alaska. "County-level median household income" and "% At least bachelor's degree" from the Census American Community Survey data were used to reflect the economic and educational status of the patients' locales. These two variables were divided into quartiles: for median household income: quartile 1 (<US $50 600), quartile 2 (US $50 600-58 580), quartile 3 (US $58 580-70 930), and quartile 4 (>US $70 930); for % At least bachelor's degree: quartile 1 (<22.17%), quartile 2 (22.17%-29.91%), quartile 3 (29.91%-37.31%), and quartile 4 (>37.31%).
The primary outcomes were overall survival (OS) and GBM cancer-specific survival (CSS). OS was defined as the survival time in months regardless of the cause of death. CSS was defined as the survival time in months from diagnosis to death due to GBM. Patients who were still alive at the end of the follow-up or died of other causes were regarded as censored.
| Statistical analysis
The baseline characteristics of patients with different marital status were compared using the chi-squared test. The differences in OS and CSS were compared using the KaplanMeier log-rank test. Multivariate Cox regression analysis was applied to compare the OS and CSS in different marital status subgroups after adjusting for covariates, including sex, age, race, surgery status, metastasis status, tumor size, laterality, percentage of local residents with at least a bachelor's degree, local median household income, insurance status, year of diagnosis, and SEER stage. In the propensity score matching (PSM) analysis, patients were divided into two groups: married and unmarried (the latter of which included divorced/separated, widowed, and single patients). The propensity score was determined with a binary logistic regression that included all the aforementioned covariates. A propensity score reflecting the probability of being married was then assigned to each patient. 1:1 PSM with no replacement was conducted using the nearestneighbor algorithm with a caliper width of 0.01.
Subgroup analyses were conducted to explore the association between marital status and GBM survival among patients differing in sex, age, race, registry site, diagnosis year, percentage of residents with at least a bachelor's degree in the region, median household income in the region, and insurance status. All P values were two-sided. P values less than 0.05 were considered statistically significant. All analyses were performed using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA).
| RESULTS
| Patient baseline characteristics
A total of 30 767 eligible GBM patients were included in this study. Among these patients, 20 076 (65.3%) were married, 2872 (9.3%) were divorced or separated, 3550 (11.5%) were widowed, and 4269 (13.9%) were single. The baseline characteristics of the eligible patients and the relationships between marital status and each variable were summarized in Table 1 . Significant differences were noticed in almost all the comparisons. Most of the widowed patients were female (74.8%) and elderly (percentage aged ≥ 70 years: 78.2%). Married patients had the highest percentage of medical insurance coverage (69.0%), while single patients had the lowest percentage of medical insurance coverage (53.4%). Married patients also tended to have the highest surgery rate (76.5%), "no metastasis" rate (92.2%), localized SEER stage rate (78.1%), and percentage with tumor sizes ≤3 cm (15.1%).
| Effect of marital status on overall and cause-specific survival
A Kaplan-Meier analysis was conducted to investigate the differences in OS and CSS across different groups defined by marital status and other variables (log-rank test P < 0.001) T A B L E 3 (Continued) ( Tables 2, 3 ). The median OS was 9 months in the married group, 7 months in the divorced/separated group, 3 months in the widowed group, and 9 months in the single group ( Figure 1A ). Regarding CSS, the median CSS values in the married, divorced/separated, widowed, and single groups were 12, 9, 5, and 12 months, respectively. Cox regression also indicated that married patients (as the reference group) had better CSS than divorced/separated Figure 1B ). In addition to the marital status of the patients, the data also indicated that sex, age, race, registry sites, diagnose year, percentage of local residents with at least a bachelor's degree, insurance status, laterality, surgery status, metastasis status, tumor size, and SEER stage are significantly associated with both OS and CSS in univariate analysis of these patients (Tables 2, 3 ). Moreover, after adjustment for all other covariates, all the aforementioned variables, except median household income and metastasis status, are still significantly associated with OS and CSS (Tables 2,  3 ). Female sex, younger age, Black or "other" race (American Indian/AK Native, Asian/Pacific Islander), residence in the Northeast (as represent by the registry site), more recent diagnosis year, higher local educational level (as reflected by percentage of residents with at least a bachelor's degree in the county), insurance, unilateral site, receipt of surgery, smaller tumor size, and localized SEER stage are significantly associated with better survival in GBM (Tables 2, 3 ).
To further confirm the finding that married patients survived longer and to minimize bias in the analysis, we conducted a PSM analysis. After the 1:1 PSM, a total of 10 598 patients (5299 married and 5299 unmarried) were included. The baseline variables are shown in Table 4 . All the variables were clearly well matched (all P > 0.05). Logistic regression showed that the median OS and CSS, measured in months, were significantly longer in the married group than in the unmarried group (OS and CSS month in married group: 10 and 12 months; OS and CSS in unmarried groups: 7 and 9 months; Tables 5, 6 , Figure 1C,D) . 
T A B L E 4
Baseline characteristics for GBM patients after
| Subgroup analysis to evaluate the effect of marital status on CSS
We then performed subgroup analysis as the prognosis of GBM may vary according to demographic factors, educational environment, local economic status, year of diagnosis, and insurance status. Multivariate analysis showed that married patients of both sexes had better OS than other patients (all P < 0.001), although the HRs in unmarried male patients are all higher than those of their female counterparts (Figure 2 , Table 7 ). We further analyzed OS and HR according to age range. Above the age of 60 years, married patients had better survival than unmarried patients. Surprisingly, widowed patients younger than 60 years old (P > 0.05) and single patients younger than 50 years old (P > 0.05) showed no differences from married patients of similar age ( Figure 3 , Table 8 ). Among White patients, married individuals had a better prognosis than any other marital status (all P < 0.001); Black patients, however, married individuals had no survival advantage over any other marital status except divorced/separated patients (P = 0.018) (Figure 4 , Table 9 ).
We further stratified the patients into different geographic regions according to their registry sites: Northeast, South, North Central, and West. We found that marriage was associated with a better adjusted HR than any other marital status in all four regions (all P < 0.05; in some of the comparisons, P < 0.001), although in the North Central region, married patients have only a weakly significant advantage over divorced/separated and widowed patients (P = 0.017 or 0.016, respectively) ( Figure 5 , Table 10 ). 
F I G U R E 7
Survival curves for GBM patients according to marital status for different local education levels (defined as the percentage of the local population with at least a bachelors' degree). Cox regression analyses for overall survival in A, quartile 1, B, quartile 2, C, quartile 3, and D, quartile 4
As emerging technologies have facilitated the diagnosis and treatment of GBM over time, we also stratified the patients by diagnosis year. Similarly, after adjustment for various factors, married patients had the best survival in all three subgroups (all P ≤ 0.001) ( Figure 6 , Table 11 ). Moreover, the adjusted HR of unmarried patients was higher in 2012-2015 than in 2008-2011, and higher in those periods than in 2004-2007. These results indicate that the protective effect of marriage becomes more and more obvious as time goes on.
As local educational level and economic status may affect the treatment and outcome of GBM, we then stratified patients according to these two factors. It was clear that married patients showed significantly better survival than others after adjustment for other factors in all of these subgroups (all P < 0.05; in some of the comparisons, P < 0.001) (Figure 7,8, Tables 12, 13) . Notably, patients from the middle-income counties (median household income in quartile 2 and quartile 3) seemed to benefit most from marriage, as the adjusted HR for unmarried patients was higher in these two income quartiles than in the others (Figure 8 , Table 13 ).
In addition, we stratified patients by insurance status. Consistent with previous results, married patients had a survival advantage in almost all the comparisons. Interestingly, when compared with divorced/separated or widowed patients, married patients with no insurance seemed to benefit more from their marriage ( Figure 9 , Table 14 ).
| DISCUSSION
In this study, we discovered that married patients had a better prognosis than those who were not married, even after adjusting for other variables. Our result is consistent with an observation by Chang et al., 12 which also indicated that marriage is beneficial for the prognosis of patients with GBM. Herein, we update their findings in more recently diagnosed patients (since 2004). Furthermore, we included many more patients and examined two additional categories of marital status. Our study revealed that single patients, compared with the other categories of marital status, had the highest adjusted HR for both OS and CSS. The relatively long survival of single patients in Kaplan-Meier analysis is partially due to their relatively young age. In addition, to avoid the bias caused by advances in diagnosis and treatment technology with the passage of time, we included only those patients who were diagnosed after 2004 and conducted a subgroup analysis that stratified diagnosis year into three ranges. This subgroup analysis also indicated that married patients had a better CSS than others, while single patients had the worst OS before 2012. This trend is also observed in non-small-cell lung cancer. 11 Interestingly, after 2012, the adjusted OS of divorced/separated patients was even worse than that of single patients. Our result also indicated that the protective effect of marriage becomes stronger as time goes on. A possible explanation is that people have become increasingly serious about marriage in recent years, which contributes to the quality of marriage and the amount of mental and physical support it brings. Our results in this study are consistent to some extent with the previous findings in other types of cancer, [7] [8] [9] [10] [11] 13 which indicated that married patients had a survival advantage over other patients. However, the underlying mechanisms are not fully understood. There are several possible reasons. First, marriage may have provided economic support, which enables the patients to receive an improved quality of treatment.
Second, previous studies have indicated that mental disorders caused by cancer not only decrease individuals the willingness to adhere to treatment, but also directly increase overall cancer mortality. 14, 15 Marriage provides the patients with strong mental support from their partners or families, which helps them release or share the pain and the depressed or anxious mood caused by the disease. [16] [17] [18] Third, life habits, such as smoking, drinking, and diet control, can be strongly influenced by marriage. Fourth, married patients might be diagnosed at an earlier stage, which would also partially contribute to better survival. Fifth, marriage influences the function of body physiologically, partially through modulating the level of endocrinal hormones that affect the prognosis of GBM. [19] [20] [21] In addition, the offspring of married couples provide additional support that is often unavailable to single patients. 22 The influence of offspring also partially explains why the survival of divorced/separated and widowed patients is better than that of single patients. In addition to multivariate Cox regression, PSM has been proposed as another method to reduce the impact of patient selection bias on observational data and mimic randomized controlled trials. 23, 24 PSM has been widely used in several areas of medical research including studies to assess factors associated with cancer survival. [25] [26] [27] [28] [29] In our study, after 1:1 matching, married patients showed survival advantage over unmarried patients. Furthermore, our study indicated that male GBM patients benefit more from marriage than female patients do, which is also consistent with findings in other kinds of cancers as reported by Aizer et al. 7 There are several potential reasons for this discrepancy. First, marriage may provide more mental support to males than to females. Second, males tend to have more bad habits such as smoking and drinking than females have, meaning that males benefit more than females from the lifestyle change caused by marriage. In addition, in married female patients, pregnancy accelerates the progression of astrocytoma. [30] [31] [32] Surprisingly, among people aged ≤59 years, widowed patients showed no difference in OS compared with married patients. A potential partial explanation is that young widowed patients can still obtain some of the family, social, or economic support that they previously accessed through their partners. For example, widows and widowers they can obtain mental support from their children or parentsin-law. 22 Furthermore, widowed patients may have a better financial situation or insurance status than single patients or divorced/separated patients because the former can rely on inheritances from their partners. Furthermore, the adjusted survival of young single patients (aged ≤ 49 years) showed no difference from that of married patients. This result indicated that older patients benefit more from marriage. Single young adults care more about their health than older patients do and may comply effectively with more aggressive treatment 33 making them less dependent on marriage for GBM survival. Our results indicated that race also influenced the GBM survival, with marriage improving survival in White but not in Black patients. Similar results were observed in patients with renal cancer. 34 Prior studies have indicated that the social and mental support provided by marriage is different across different races. The underlying mechanisms of this difference may need further investigation. Our results indicated that local educational level is a protective factor in GBM, while local economic status has no association with the prognosis of GBM. These findings imply that the former factor but not the latter may provide support for the patients. This result is consistent with a previous study indicating that Swedish cancer patients with higher educational levels tend to have better survival. 35 Patients from region with higher educational levels may care more about their health and be willing to receive more earlier and more effective interventions. 35 When the patients were stratified according to local educational level or economic status, married patients showed significantly better adjusted survival than others in all of the subgroups. Moreover, patients from the middle-income counties seemed to benefit more from marriage than residents of upper-or lower-income counties did. This result is interesting, but the underlying mechanism needs further research. Our results indicated that insurance status is also a protective factor for GBM patients. When the patients were stratified according to insurance status, marriage was associated with an OS advantage compared with all three of the other marital statuses. Interestingly, compared with other patients, married patients seemed to benefit more from their marriage the less insurance they had. These results suggest to us that insurance is especially important for unmarried patients.
This study has certain limitations. The quality of marriage, which may also influence the outcomes of patients, could not be defined clearly. In addition, some variables, such as SEER stage, insurance status, and race, are unknown in a portion of patients.
Despite the limitations mentioned above, we demonstrated an intriguing association between marital status and the survival of GBM patients in a large population. In conclusion, married patients had a better prognosis than others. Furthermore, the adjusted survival rate of single patients is even worse than that of either widowed or divorced/separated patients. These differences may be caused by psychological, physiological, social, or economic factors that arise from marital status. Clinical staff should aware of the relatively poor prognosis for unmarried patients, especially single patients.
